ABSTRACT In a previous study, the highly pathogenic avian inßuenza (HPAI) H5N1 viruses were isolated from blow ßies collected at the Tamba Town of Kyoto prefecture during the outbreak period in March 2004. In this study, we carried out virus exposure experiments to investigate whether the H5N1 virus would survive in a blow ßy, Calliphora nigribarbis. The virus exposure experiments showed that the H5N1 inßuenza virus was isolated from the crop and intestine of C. nigribarbis for at least 24 h, and the viruses remained viable with titers ranging from 0.5 to 4.63 TCID 50 . This result suggests that C. nigribarbis could possibly transport the H5N1 virus over a distance of 2 km, which is the distance they can migrate within 24 h.
Highly pathogenic avian inßuenza (HPAI) outbreaks, caused by the H5N1 subtype virus, occurred in the Kyoto prefecture, Japan, during December 2003 and March 2004 (Mase et al. 2005 . During and after the outbreak, virus surveillance was conducted around the epidemic areas in Kyoto, but the exact transmission route has not yet been clariÞed. Since then, new outbreaks of H5N1 avian inßuenza have been occurring every year in Japan (USGS National Wildlife Health Center 2008). In the world, Ͼ380 cases of the human H5N1 virus infection have been identiÞed (WHO 2008) . Although, until now, there has been no known report suggesting that the H5N1 virus could be transmitted efÞcaciously from person to person, the possibility that the transmission could be acquired remains (Yang et al. 2007 ). Thus, there is an urgent need to elucidate the mechanism of virus transmission.
In a previous study, we isolated HPAI H5N1 viruses from two blow ßy species, Calliphora nigribarbis Vollenhoven and Aldrichina grahami (Aldrich), collected at the Tamba Town of Kyoto prefecture in March 2004 and suggested that nearly 5% of all the C. nigribarbis found around the affected areas contained infectious H5N1 viruses (Sawabe et al. 2006) . C. nigribarbis has a characteristic temperate zone life cycle. For example, in Japan, they become more active between winter and spring for migration and reproduction (Kurahashi et al. 1979 (Kurahashi et al. , 1994 . It is well known that they have excellent ßight capacity and high dispersal ability. They visited the weather ships at the stations located on the PaciÞc Ocean and East China Sea, 300 Ð 450 km apart from Kushu Island, Japan (Kurahashi 1991) . Kurahashi and Suenaga (1997) also suggested that the number of ßies found in autumn in Kyushu district seems to be increased by their transoceanic migration. Female blow ßies can survive for ϳ1 yr in Japan (Kurahashi 1991) , in comparison to the house ßies Musca domestica L., which have a mean longevity for 34.2 d (Rockstein 1957) . This blow ßy is categorized as a large-sized ßy and exhibits preference for licking animal carcasses and droppings (Sawabe et al. 2006) . Because of these ecological and physiological characteristics, we suggested that they could become likely candidates for the mechanical transmission of HPAI. In fact, the blow ßies have already been recognized as important mechanical transmitters of several serious infectious diseases, such as poxvirus (Docherty et al. 1991) , rabbit hemorrhagic disease (Asgari et al. 1998) , and paratuberculosis (Fischer et al. 2004) .
In this study, we carried out virus exposure experiments to investigate whether the H5N1 virus would survive in a blow ßy, C. nigribarbis. For this purpose, the titers of this infectious virus were monitored in the blow ßy after they were exposed to the virus. EID 50 /ml of the H5N1 virus dilutions of allantoic ßuid in MEM diluents (Sawabe et al. 2006 ) on a piece of cotton for 3 h at 20ЊC. Three hours after exposure, the blow ßies were individually reared in a triangle ßask containing nutrient medium (0.7% agar, 3% sucrose) at 20 or 10ЊC. After virus exposure, the blow ßies were killed at various times by freezing using a Ϫ80ЊC deep freezer and kept until use. Incubation at 10ЊC was chosen because the average temperatures around the Tamba Town (see Sonobe district in the Meteorological Agency information) were 3.6ЊC in February and 6.4ЊC in March (with average daytime highs of 11.1 and 13.1ЊC, respectively) (Japan Meteorological Agency 2008). Experimental Design. Two experiments were conducted. In the Þrst experiment, the blow ßies were deprived of water and food for 3 h at 20ЊC before virus exposure.At3,6,9,24,and72hand6dpostexposure,three ßies were used each time for the virus isolation. In the second experiment, the ßies were held for overnight without water and food before virus exposure. Three hours after exposure at 20ЊC, 10 ßies were used for virus isolation and titration. At 6, 9, 24, and 48 h and 14 d after exposure at 20ЊC and 14 d at 10ЊC, three ßies were examined each time. In addition, the virus isolation and titration was conducted to the virus-exposed cotton as a reference.
Materials and Methods

H5N1
Virus Isolation and Titration. The crop and intestine, including at least the proximal and distal intestine, were removed from the entire body of each ßy using sterilized forceps and individually homogenized in 800 l MEM diluents (Sawabe et al. 2006 ) using a high-speed mechanical homogenizer (Mixer Mill MM300; Qiagen, Valencia, CA). The feces and vomit matter that adhered to the ßask and surface of the nutrient agar gels were rinsed with 800 l MEM diluents and harvested using the cell scraper S (Sumilon, Tokyo, Japan). Virus-exposed cotton was cut into Ϸ4-cm 2 pieces and put into a 15-ml Falcon conical tube (Becton Dickinson, Franklin Lakes, NJ) containing 1 ml MEM diluents. All specimens were centrifuged at 15,000 rpm (Kubota 3740; Kubota, Osaka, Japan) for 10 min, and 200 l of the supernatant was used for detecting the virus gene by reverse transcription-polymerase chain reaction (RT-PCR) followed by a nested PCR (Sawabe et al. 2006) . The presence of virus in the supernatant of the homogenates was judged to be positive when the matrix protein (M) or hemagglutinin (HA) gene product was ampliÞed in the PCR assay. Primer sets used for the HA gene were H5 515f/ H5 1220r and H5 529f/H5 1208r (Sawabe et al. 2006) and for the M gene was M30f/M264r (T. Saito, unpublished data). The remaining supernatant was used for isolating the virus using two embryonated chicken eggs as described previously (Sawabe et al. 2006) . The titer of each virus isolate was determined by adding 10-fold serial dilutions of a supernatant into the wells of a 96-well microtiter plate (Corning, Corning, NY) containing a monolayer of Madin-Darby Canine Kidney (MDCK) cells (ATCC, Manassas, VA). Cytopathic effect (CPE) of the virus was monitored with a phase contrast microscope, and from these observations, the log of 50% median tissue culture infectious dose (log 10 TCID 50 /0.05 ml) was calculated (Reed and Muench 1938) . The value Ͻ0.50 TCID 50 represents an undetectable level in this assay.
Results
In the Þrst experiment (Fig. 1a) , the H5N1 virus was isolated from the crop of the blow ßy up to 24 h after Two experiments were conducted (a, the Þrst experiment; b, the second experiment). The virus was isolated from the crop, intestine, and feces and vomit matters using embryonated chicken eggs. Virus-exposed ßies were reared up to 14 d at 20 or 10ЊC (*) and killed at various times.
exposure and from the intestine at 9 h after exposure. One of three ßies did not ingest viruses even when they were in the virus exposure period. This suggests that 3 h of water and food deprivation is not enough for the blow ßy to ingest the virus. In the second experiment (Fig. 1b) , all 10 ßies ingested viruses during the overnight deprivation. The virus was isolated from the crop and intestine of the blow ßies for up to 24 h after exposure and from the feces and vomit matter of one of three blow ßies at 48 h after exposure. At 14 d after exposure either at 20 or 10ЊC, no virus was isolated from any blow ßy specimens. Table 1 shows the results of virus isolation and titration obtained from the second experiment. Almost all virus isolates had viable titers of infectious H5N1 virus ranging from 0.5 to 4.63 TCID 50 ; however, 10 isolates were at undetectable levels (Ͻ0.50 TCID 50 ). The viable titers of H5N1 viruses were also detected from the cotton exposed to the viruses up to 48 h after exposure, ranging from 4.50 to 5.00 TCID 50 . In addition, the viral RNA was detected in all specimens in the PCR assay.
Discussion
This study showed that viable titers of H5N1 inßuenza virus, but not virus replication, was detected for at least up to 24 h in the crop and intestine of the virus-exposed C. nigribarbis. The presence of infectious virus inside the blow ßy for 24 h could have a strong implication in health hazard when we consider the possibility that the blow ßy, because of its excellent ßight capacity, could transport the H5N1 virus. In addition, the H5N1 virus was also isolated from the feces and vomit matter at 48 h after exposure, although its virus titer was lower than that of the cotton exposed to the virus. This suggests that the virus is damaged steadily in the crop and intestine of the blow ßy. However, the virus could be infectious longer than 24 h.
The mark-release-recapture experiments conducted at Tamba Town in 2005 suggested that C. nigribarbis generally could migrate up to a distance of 2Ð3 km in 24 h (Y. Tsuda, unpublished data). In particular, during their migration period in late autumn, it was reported that the blow ßies can immigrate from other countries to Japan (Kurahashi 1991, Kurahashi and Suenaga 1997) . In 2004, the distance of these two outbreak poultry farms in the Kyoto prefecture, where the virus outbreaks took place, were Ϸ4 km apart. In fact, 10% of all the C. nigribarbis collected at an intermediate locality between the affected farms expressed the viral genes (Sawabe et al. 2006) . We thus suggest here that C. nigribarbis could likely transport the H5N1 inßuenza virus to the nearest poultry farms, which are located 2Ð3 km apart.
Unfortunately, our knowledge on the transmission route or pathway responsible for the HPAI outbreaks that occurred in Southeast and East Asian countries 
The average of two times of the virus titration. VI, virus isolation using embryonated chicken eggs; TCID 50 , virus titers (log 10 TCID 50 /0.05 ml) calculated by the inoculation onto MDCK cells; PCRs, RT-PCR performed with speciÞc primers for the HA and M genes and followed by a nested PCR with primers for the HA gene; NT, not tested. still remains elusive (Mase et al. 2005 , Lee et al. 2008 ). In particular, in the case of the Korean and Japanese outbreaks, it is very doubtful that migratory birds carried the viruses and subsequently infected the domestic and/or wild birds (Lee et al. 2008) . The most important question is how did the virus passed onto the domestic poultry from the virus-positive birds? We support that the likelihood of the wild birds transporting the viruses to the poultry in Japan was very slim, because in all Japanese poultry farms where the H5N1 virus outbreak occurred, there were fowling nets set in place to prevent invasion of birds. However, ßying insects, e.g., ßies, can easily get through the nets and invade a poultry farm. An additional study showed that a chicken could eat all the 31 blow ßies that were put inside the bird cage in just 7 min (data not shown). A chicken can catch, break down the body of the ßy, and swallow a ßy without any problem even when the ßy is still in ßight. If these ßies had the H5N1 virus, the chickens might become infected with these viruses. We need to determine whether a chicken would develop symptoms of inßuenza by eating a blow ßy that is exposed to the H5N1 virus.
Recently, it was reported that the H5N1 viral gene was detected in house ßies (Sievert et al. 2006 ) and engorged mosquitoes (Barbazan et al. 2008 ). In our study, the H5N1 viral gene was stable in the blow ßy for up to 14 d after exposure; however, no viable virus was detected after 48 h. In addition, there were several virus isolates that had an undetectable level (Ͻ0.50 TCID 50 ). For replication of the H5N1 virus, the sensitivity of the assay using embryonated chicken eggs was higher than that of MDCK cells. In other words, the results from the assay using MDCK cells could underestimate the virus viability. We suggest that the virus isolation should always be performed for HPAI surveillance using embryonated chicken eggs.
